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S
ess. 0 
F
ish C
apture C
om
m
ittee 
S
im
ulation 
of 
e
cho data 
c
a
n
 be 
u
s
eful fo
r 
v
e
rifying 
e
cho in
teg
rato
rs 
r
e
alized
 in 
c
o
m
puter 
s
oftw
are. 
A
 m
odel is presented 
w
hich 
a
s
s
o
ciates 
d
istin
ct 
sto
ch
astic processes 
w
ith 
e
a
ch 
of the follow
ing: 
bottom
 depth; 
n
u
m
ber, 
depth, 
a
nd 
o
rien
tatio
n
 
of fish
 in
 the beam
; 
a
nd background 
n
oise. 
A
 m
e
a
s
u
re
 
of 
re
alism
 is preserved, 
perhaps, by (1) 
sim
ulating 
e
cho 
r
eg
istratio
n
 
w
ith 
a
n
 id
eal 
circu
lar 
tra
n
sducer 
of 8-deg beam
w
idth, 
m
o
ving 
forw
ard 
a
t 10-knots 
speed; 
(2) 
allow
ing individual fish
 
to
 be 
tra
cked 
through the beam
; 
a
nd (3) 
u
sing 
m
e
a
s
u
re
m
e
n
ts 
o
n
 fish
 
to
 describe 
the 
ta
rg
et 
stre
n
g
th
. 
A
ttendees 
m
ay form
 th
eir 
ow
n 
opinion 
of the 
s
u
c
c
e
s
s
 
of 
the 
sim
ulation from
 
e
x
a
m
ples to
 be 
show
n 
-
in 
c
olour. 
RESUM
E: 
SIM
ULATION D'ECHOGRAM
M
ES 
La 
sim
ulation d'echos peut 
e
tre
 
u
tile
 pour 
v
e
rifier les in
teg
rateu
rs 
d'echos 
r
e
alises 
e
n
 
s
oftw
are. 
On presente 
u
n
 
m
odele qui 
a
s
s
o
cie des 
processus 
sto
chastiques d
istin
cts 
a
v
e
c
 les 
v
a
riables 
s
uivantes: 
profondeur; 
n
u
m
e
ro
, 
profondeur 
e
t 
o
rien
tatio
n
 des poissons dans le faisceau; 
b
ru
it de 
fond. 
Du 
re
alism
e 
e
s
t peut 
e
tre
 
c
o
n
s
e
rv
e
 
e
n
 
sim
ulant l'en
reg
istrem
en
t des 
e
chos par 
u
n
 
tra
n
sducteur 
circu
laire ideel 
a
v
e
c
 
u
n
e
 
largeur du faisceau de 
8 degres, 
s
e
 deplacant 
e
n
 
a
v
a
n
t a 
u
n
e
 
v
itesse de 10 
n
o
e
uds; 
e
n
 perm
ettant 
que les poissons 
s
o
ien
t detectes individuellem
ent dans le faisceau; 
e
n
 
u
tilisa
n
t des 
m
e
s
u
re
s
 
s
u
r poisson pour decrire l'in
d
ex
 de 
r
eflex
io
n
. 
L
es 
p
articip
an
ts pourront juger le 
s
u
c
c
e
s
 d'une 
te
lle
 
sim
ulation par les 
e
x
e
m
ples qui 
s
e
r
o
n
t 
m
o
n
tres 
-
e
n
 
c
o
uleur. 
INTRODUCTION 
F
ish 
e
cho data have been 
sim
ulated by, 
am
o
ng 
o
th
ers, 
G
riffith
s 
a
nd 
Sm
ith (1978), 
B
orud 
e
t 
al. 
(1984), 
a
nd Guo 
a
nd G
riffith
s (1989). 
B
orud 
e
t 
a
l. 
(1984) 
generated data fo
r 
u
s
e
 in
 
a 
sim
ulator. 
D
uring developm
ent 
of 
the 
n
ew
 B
ergen Echo In
teg
rato
r (BEl) 
(Knudsen 
1989a 
a
nd b), 
a
n
o
ther kind 
of 
e
cho data 
w
a
s 
required. 
B
ecause 
of the 
-
2 
-
d
esig
n
 
o
f 
th
e B
E
l 
a
s
 
a 
p
o
st-p
ro
cessin
g
 
sy
stem
 fo
r d
ata p
rep
ro
cessed
 by 
th
e 
n
e
w
 SI!1RA
D
 
EK
500 
s
c
ie
n
tific
 
e
cho 
s
o
u
nder 
(B
odholt 
e
t 
a
l. 
1988, 
1989), 
d
ata 
a
r
e
 
e
x
p
ected
 in
 
th
e 
form
 
o
f 
ab
so
lu
te 
v
alu
es 
o
f 
th
e 
m
e
a
n
 
v
olum
e b
ack
scatterin
g
 
s
tre
n
g
th
 (U
rick 
1983). 
In
 p
a
rtic
u
la
r, 
fo
r 
e
a
ch p
in
g
 fo
r 
e
a
ch 
tra
n
sd
u
cer, 
a
n
 
a
r
r
a
y
 
o
f 650 
n
u
m
bers is
 
tra
n
sfe
rre
d
 from
 
th
e 
EK
500 
to
 
th
e B
E
l. 
T
he 
firs
t 500 d
ata 
r
ep
resen
t 
s
u
c
c
e
s
siv
e 
v
alu
es 
o
f 
th
e 
m
e
a
n
 
v
olum
e b
ack
scatterin
g
 
s
tre
n
g
th
 
sp
an
ning 
th
e 
o
p
erato
r-d
efin
ed
 d
ep
th
 in
te
rv
a
l in
 
eq
u
al 
s
te
p
s. 
T
he 
fin
a
l 
150 d
ata 
r
ep
resen
t 
v
alu
es from
 
10 
m
 
o
v
e
r
 
th
e d
etected
 bottom
 to
 5 
m
 
u
nder 
th
e 
s
a
m
e
, 
w
ith
 O
.l-m
 
r
e
s
o
lu
tio
n
. 
T
he p
o
te
n
tia
l dyn.am
ic 
r
a
n
g
e 
o
f 
th
ese d
ata 
is 
th
a
t 
o
f 
th
e 
E
K
500, 
r
o
u
g
h
ly
 
160 dB
. 
I
t 
w
a
s 
to
 p
ro
v
id
e p
recisely
 know
n d
ata in
 
th
e 
r
eq
u
ired
 form
 
th
a
t 
th
e 
p
re
se
n
t 
stu
d
y
 
w
a
s
 
u
ndertaken. 
F
u
rth
er, 
a
n
tic
ip
a
te
d
 
u
s
e
s
 
o
f 
th
e d
ata 
c
o
u
ld
 
b
e, 
fo
r 
in
stan
ce, 
in
 
sy
stem
atic 
s
tu
d
ies 
o
f 
e
cho 
in
te
g
ra
tio
n
 
a
nd 
e
cho gram
 
in
te
rp
re
ta
tio
n
, 
a
nd in
 
te
s
tin
g
 
a
u
to
m
a
tic 
alg
o
rith
m
s 
to
 
e
x
tra
c
t 
sin
g
le
-fish
 
ta
rg
e
t 
s
tre
n
g
th
s, 
perform
 
e
ch
o
-trace 
a
n
aly
sis, 
a
nd 
c
la
ssify
 
e
chogram
s 
o
n
 
th
e 
b
a
sis 
o
f fe
a
tu
re
s. 
In
 
th
e 
fo
llo
w
in
g
, 
a 
m
odel fo
r 
sim
u
latin
g
 
e
cho d
ata 
is
 d
escrib
ed
 
a
nd 
illu
stra
te
d
 
th
ro
u
g
h
 
c
o
m
puted 
e
chogram
s. 
Im
provem
ents 
to
 
a
nd 
u
s
e
s
 
o
f 
th
e 
m
odel 
a
r
e
 d
iscu
ssed
. 
M
ETHOD The 
fundam
ental p
h
y
sics 
o
f 
s
o
u
nd 
s
c
a
tte
rin
g
 by fish
 d
riv
es 
th
e p
resen
t 
m
odel, 
hence 
is d
escrib
ed
 firs
t. 
T
he 
m
odel 
is
 
th
en
 
o
u
tlin
ed
, 
p
aram
eter 
v
alu
es 
a
r
e
 g
iv
en
, 
a
nd th
e g
en
eratio
n
 
o
f 
ra
ndom
 
n
u
m
bers 
u
s
ed
 in
 
a 
sim
U
latio
n
 
program
 is b
rie
fly
 d
escrib
ed
. 
P
h
y
sics 
T
he back s
c
a
tte
re
d
 p
ressu
re 
w
a
v
e
, 
p(t), 
from
 
a
n
 
e
n
s
e
m
ble 
o
f 
fish
 
m
ay be 
e
x
p
ressed
 by 
th
e 
fo
llo
w
in
g
 
s
u
m
m
ation: 
p(t) 
-2Sr, 
1. 
J: 
e 
4
1
. b(r,) 0,2(r"e,,~,) 
s
, (t-r,/c) 
+
 
n(t) 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
r
, 1. 
w
here S is 
th
e 
c
o
e
ffic
ie
n
t 
o
f 
ab
so
rp
tio
n
 
a
t 
th
e 
c
e
n
te
r freq
u
en
cy
 
o
f 
th
e 
tra
n
s
m
itted
 
sig
n
a
l, 
a
s
s
u
m
ed to
 be 
n
a
rro
w
band; 
r
, 
is 
th
e 
v
e
c
to
r p
o
sitio
n
 
o
f 
th
e 
i-th
 fish
, 
ri is
 
th
e 
c
o
r
r
e
sp
o
n
d
in
g
 
r
a
n
g
e, 
afid 
ri is
 
th
e 
u
n
it 
v
e
c
to
r in
 
th
e d
irectio
n
 
o
f 
th
e 
fish
, 
E
i=
ririi 
b
i is
 
th
e p
ro
d
u
ct 
o
f 
tra
n
s
m
it 
a
nd 
r
e
c
eiv
e d
ire
c
tiv
ity
 p
a
tte
rn
s in
 
th
e 
a
m
p
litude dom
ain in
 
th
e d
ire
c
tio
n
 
ri; 
0
i is
 
th
e b
ack
scatterin
g
 
c
r
o
s
s
 
s
e
c
tio
n
 
o
f 
th
e i-th
 fish
, 
th
e 
a
rgum
ents 
ei 
a
nd ~i d
escrib
e 
th
e 
tilt 
a
nd 
a
zim
u
th
al 
a
n
g
les, 
r
e
sp
e
c
tiv
ely
; 
S
i d
escrib
es 
th
e 
form
 
o
f 
th
e 
e
cho 
sig
n
al from
 
th
e 
i-th
 fish
 
a
t 
th
e 
r
e
ta
rd
ed
 
tim
e 
t-
ri/c
, 
w
here 
c 
is 
th
e 
sp
eed 
o
f 
s
o
u
nd 
a
nd 
fs2 (t) d
t 
=
 1 ; 
a
nd 
n
 (t) 
is 
th
e
 background 
n
o
ise. 
S
ince 
th
e 
e
cho d
ata 
a
r
e
 
to
 be 
e
x
p
ressed
 in
 
te
rm
s 
o
f 
th
e 
m
e
a
n
 
v
olum
e 
b
ack
scatterin
g
 
s
tre
n
g
th
, 
th
e 
e
cho 
e
n
e
rg
y
 is 
c
o
m
puted from
 
eq
u
atio
n
 (1): 
2 
E: 
=
 I: 
g
,b
, 
0
, 
+
 
E: 
1
.1
. 
1. 
0 
(1) 
(2) 
-
3 
-
w
here g 
is
 
a 
g
ain
 fa
c
to
r 
c
o
n
tain
in
g
 both p
u
rely
 g
eo
m
etric 
a
nd 
s
c
alin
g
 
fa
c
to
rs, 
b
2 
is 
th
e p
ro
d
u
ct 
o
f 
tra
n
s
m
it 
a
nd 
r
e
c
eiv
e beam
 p
a
tte
rn
s in
 
th
e 
u
s
u
al in
te
n
sity
 dom
ain, 
0 
is 
th
e b
ack
scatterin
g
 
c
r
o
s
s
 
s
e
c
tio
n
, 
e
a
ch fo
r 
th
e 
i-th
 fish
, 
w
ith
 
s
u
p
p
ressio
n
 
o
f 
th
e 
a
rgum
ents 
show
n in
 
eq
u
atio
n
 (1), 
a
nd 
Eo 
is 
th
e 
c
o
r
r
e
sp
o
n
d
in
g
 
v
alu
e 
o
f 
e
cho 
e
n
e
rg
y
 due 
to
 
n
o
ise. 
E
q
u
ation (2) 
c
a
n
 
a
lso
 be 
e
x
p
ressed
 in
 
te
rm
s 
o
f 
th
e 
m
e
a
n
 
v
olum
e 
back s
c
a
tte
rin
g
 
c
o
e
ffic
ie
n
t 
s
v
' 
F
o
r 
a 
tra
n
sd
u
cer 
w
ith
 p
ro
d
u
ct beam
 p
a
tte
rn
s 
b
2 
a
nd 
eq
u
iv
alen
t beam
 
a
n
g
le ~=Jb2dr:, 
th
e 
m
e
a
n
 
v
olum
e back s
c
a
tte
rin
g
 
c
o
e
ffic
ie
n
t due 
to
 
th
e 
s
c
a
tte
re
rs
 in
 
a 
sp
h
erical 
sh
e
ll 
o
f 
r
ad
iu
s 
r
a
n
d
 
th
ick
n
ess ~
r
«
r
 
is
 
s v
 
2 
1 
b, 
0
, 
"
 
J 
J 
L. 
+
 
S 
~ j 47Tr2~r 
V
o 
w
here 
th
e 
s
u
m
m
ation 
is
 p
erform
ed 
o
v
e
r
 
a
ll 
s
c
a
tte
re
rs
 
in
 
th
e 
sh
e
ll. 
In
 
e
x
a
c
t 
a
n
alogy 
w
ith
 
eq
u
atio
n
 (2), 
s 
is 
th
e 
n
o
ise 
c
o
n
trib
u
tio
n
. 
V
o 
M
odel 
(3) 
E
quation 
(2), 
o
r
 
eq
u
atio
n
 (3), 
u
n
d
erlies 
th
e 
m
odel. 
T
h
is h
as, 
how
ever, 
m
o
re
 
elem
en
ts 
th
an
 
m
ay be 
im
m
ediately 
ap
p
aren
t. 
T
hese 
a
r
e
 
n
o
w
 d
escrib
ed
 
in
 
th
e
ir 
o
rd
er 
o
f 
c
o
m
p
u
tatio
n
 in
 
sim
u
latin
g
 
a 
m
a
trix
 
o
f 
v
alu
es 
o
f 
m
e
a
n
 
v
olum
e back s
c
a
tte
rin
g
 
s
tre
n
g
th
, 
th
e lo
g
arith
m
ic 
m
e
a
s
u
re
 
o
f 
th
e 
d
efin
ed
 
c
o
e
ffic
ie
n
t 
sV
' 
T
h
is h
as 650 
ro
w
s
 
r
ep
resen
tin
g
 d
ep
th
 
a
nd 
a
s
 
m
a
ny 
c
olum
ns 
a
s
 
a
r
e
 
n
e
c
e
s
s
a
ry
 
to
 
c
o
v
e
r
 
a 
p
red
efin
ed
 
s
a
ile
d
 d
istan
ce. 
T
he 
v
e
rtic
a
l 
r
e
s
o
lu
tio
n
 is
 
a
s
s
u
m
ed, 
fo
r d
efin
iten
ess, 
to
 be 
1 
rn
, 
th
u
s 
th
e firs
t 500 
ro
w
s
 
o
f 
th
e 
m
a
trix
 
span 
a. depth 
r
a
nge 
o
f 500 
m
. 
N
oise 
A
t 
th
e 
o
u
ts
e
t, 
th
e 
m
a
trix
 is fille
d
, 
o
r
 
'in
itia
liz
e
d
' 
in
 
c
o
m
puter 
c
a
n
t, 
by 
e
ith
e
r 
a 
p
red
efin
ed
 
c
o
n
s
ta
n
t 
th
resh
o
ld
 
v
alu
e 
o
r
 
n
o
ise 
v
alu
e, 
w
hichever is
 g
re
a
te
r. 
T
he 
n
o
ise 
v
alu
e 
is
 
c
o
m
puted 
a
t 
e
a
ch p
o
in
t 
a
c
c
o
rd
in
g
 
to
 
th
e 
s
u
m
m
ation 
10 
s
v
 
s
v
:
 z: 
c
o
s
 (27TU,) 12 
o
 
n
 j=l 
J 
w
here 
u
, 
is
 
a 
u
n
ifo
rm
 
ra
ndom
 
v
a
ria
te
 d
efin
ed
 
o
n
 
(0,1). 
J 
S
u
rface 
T
h
is 
is
 
a
s
s
u
m
ed 
to
 be h
o
rizo
n
tal. 
A
 E
u
clid
ean
 
c
o
o
rd
in
ate 
system
 is
 
e
s
tab
lish
ed
 
w
ith
 
o
rig
in
 in
 
th
e h
o
riz
o
n
ta
l, 
x~y p
lan
e, 
w
ith 
z
-
a
x
is 
p
o
in
tin
g
 dow
nw
ards. 
T
he p
lan
e is
 
th
u
s d
escrib
ed
 by 
th
e 
eq
u
atio
n
 
z
=O
. 
T
he 
x
-
a
x
is 
is 
alig
n
ed
 in
 
th
e d
irectio
n
 o~ 
m
o
tion 
o
f th
e 
tra
n
sd
u
cer, 
w
hich is 
a
s
s
u
m
ed 
to
 
m
o
v
e
 
w
ith
 
c
o
n
s
ta
n
t 
v
elo
city
. 
B
ottom
 
T
he bottom
 depth is g
en
erally
 d
escrib
ed
 
a
s
 
a 
s
to
ch
astic 
p
ro
cess d
efin
ed
 by 
tw
o
 
in
d
ep
en
d
en
t G
aussian d
istrib
u
tio
n
s, 
w
ith
 p
red
efin
ed
 
h
o
rizo
n
tal 
a
nd 
v
e
rtic
a
l 
s
c
ale 
siz
e
s. 
T
he h
o
riz
o
n
ta
l, 
x
-
s
c
ale 
size is 
d
escrib
ed
 by 
th
e 
m
e
a
n
 
a
nd 
sta
n
d
ard
 d
ev
iatio
n
 
o
f 
th
e 
c
o
r
r
e
sp
o
n
d
in
g
 
n
u
m
ber 
o
f 
p
in
g
s. 
T
he 
v
e
rtic
a
l, 
z
-
s
c
a
le
 
siz
e
 is 
sim
ila
rly
 d
escrib
ed
 by 
a 
m
e
a
n
 
a
nd 
sta
n
d
ard
 d
ev
iatio
n
, 
b
u
t in
 
ab
so
lu
te 
u
n
its 
o
f d
istan
ce. 
B
etw
een 
tw
o 
s
u
c
c
e
s
siv
e d
istan
ces X
l 
a
nd 
x
2
' 
determ
ined by 
th
e 
firs
t d
istrib
u
tio
n
, 
a 
-
4 
-
m
e
a
n
 g
rad
ien
t ~=(z2-z1)/(x2-xl) 
is
 
c
o
m
puted. 
T
he p
recise d
ep
th
 
a
t d
istan
ce X
j' 
w
here Xl~Xj-l<Xj~X2' 
is d
eterm
in
ed
 by 
th
e p
re
sc
rip
tio
n
 
ZJ' 
=
 
z
. 
1 
+
 p.~ 
J-
J 
w
here, 
s
o
m
e
w
hat 
a
rb
itra
rily
, 
p
. 
is 
a 
s
to
ch
astic 
v
a
riab
le 
eq
u
al 
to
 
u
n
ity
 80%
 
o
f 
th
e
 
tim
e 
a
nd 
n
eg
ativ
e 
u
nityJ20%
 
o
f 
th
e 
tim
e, 
determ
ined p
in
g
 by p
in
g
 from
 
a 
u
n
ifo
rm
 d
istrib
u
tio
n
. 
T
he bottom
 is 
in
d
icated
 by 
adding 
th
e q
u
an
tity
 5/12 
to
 
th
e p
a
ir 
o
f 
m
a
trix
 
elem
en
ts 
a
t 
o
r
 im
m
ediately below
 
th
e bottom
 d
ep
th
. 
B
ottom
 fish
 lay
er lim
its 
T
he 
upper lim
it fo
r 
th
e 
e
n
try
 
o
f 
n
e
w
 fish
 
in
to
 
th
e beam
 fo
llo
w
s 
th
e bottom
, 
d
ifferin
g
 in
 depth by 
so
m
e
 
c
o
n
s
ta
n
t 
o
ffse
t, 
a 
p
red
efin
ed
 d
ep
th
-d
ifferen
ce p
aram
eter. 
T
he 
low
er lim
it is 
th
a
t 
o
f 
th
e 
bottom
 its
e
lf. 
B
ottom
 fish
 
lay
er 
T
h
is p
a
rt 
o
f 
th
e 
m
a
trix
 
o
f 
m
e
a
n
 
v
olum
e back s
c
a
tte
rin
g
 
s
tre
n
g
th
s 
is fille
d
 in
 
th
e 
fo
llo
w
in
g
 
w
ay. 
F
or 
e
a
ch p
in
g
, 
th
e 
n
u
m
ber 
o
f 
n
e
w
 
fish
 
e
n
te
rin
g
 
th
e beam
 is d
eterm
in
ed
 by 
s
a
m
pling 
a 
P
oisson d
istrib
u
tio
n
 
o
f 
p
red
efin
ed
 
m
e
a
n
 
sp
e
cified
 fo
r 
th
e bottom
 fish
. 
T
he depth 
o
f 
e
a
ch
 
o
f 
th
ese 
is determ
ined 
a
c
c
o
rd
in
g
 
to
 
a 
p
arab
o
lic d
istrib
u
tio
n
, 
i.e
., 
o
n
e
 
w
hich 
is 
b
ased
 
o
n
 
a 
c
o
n
sta
n
t 
v
olum
e d
en
sity
 
o
f 
s
c
a
tte
re
rs
. 
T
he p
erm
issib
le depth 
r
a
n
g
e 
is 
th
a
t d
efin
ed
 by 
th
e bottom
 fish
 
lay
er lim
its fo
r 
th
e p
a
rtic
u
la
r 
p
in
g
. 
T
he 
x
-
c
o
o
rd
in
ate 
o
f 
e
a
ch 
n
e
w
 fish
 p
o
sitio
n
 is determ
ined 
to
 
w
ith
in
 
th
e 
d
istan
ce 
s
a
ile
d
 by 
th
e 
tra
n
sd
u
cer-b
earin
g
 
v
e
s
s
el betw
een 
s
u
c
c
e
s
siv
e 
p
in
g
s. 
A
t 
10 k
n
o
ts 
a
nd 
a 
p
in
g
 
r
a
te
 
o
f 
l/s
, 
th
is is S
.l 
m
. 
T
he p
recise 
d
istan
ce is 
a
s
sig
n
ed
 
a
c
c
o
rd
in
g
 
to
 
a 
u
niform
 d
istrib
tio
n
, 
w
hich, 
fo
r 
th
e 
e
x
a
m
ple, 
spans 
[0,5.1] 
m
. 
T
he y
-co
o
rd
in
ate is dete~ined 
from
 
a 
u
niform
 
d
istrib
u
tio
n
 d
efin
ed
 
e
x
a
c
tly
 
o
v
e
r
 
th
e 
w
idth 
o
f 
th
e beam
 
a
t 
th
e p
red
efin
ed
 
m
a
xim
um
 d
etectio
n
 
a
n
g
le. 
In
 fillin
g
 
th
e 
m
a
trix
, 
e
a
ch fish
 
is 
tra
ck
ed
 from
 
its
 
firs
t d
etectio
n
 
to
 
e
x
it from
 
th
e beam
-sam
pled 
v
olum
e. 
T
he p
o
sitio
n
 
o
f 
e
a
ch 
fish
 
is 
a
s
s
u
m
ed 
to
 
re
m
ain 
c
o
n
sta
n
t during p
assag
e 
o
f 
th
e beam
, 
hence 
th
e 
x
-
c
o
o
rd
in
ate 
changes by 
c
o
n
s
ta
n
t d
istan
ce from
 ping 
to
 p
in
g
. 
T
he fish
 
p
o
sitio
n
 is 
e
x
a
m
ined 
w
ith
 
r
e
sp
e
c
t 
to
 
th
e 
s
a
m
pling 
v
olum
e 
o
f 
th
e beam
, 
a
s
 
d
efin
ed
 by 
a 
c
o
n
e
 
o
f 
c
irc
u
la
r 
c
r
o
s
s
 
s
e
c
tio
n
 
a
nd 
v
e
rte
x
 
a
n
g
le 
c
o
r
r
e
sp
o
n
d
in
g
 
to
 
th
e p
red
efin
ed
 
m
a
xim
um
 
a
n
g
le 
o
f d
etectio
n
. 
If it is 
o
u
tsid
e 
o
f 
th
e 
c
o
n
e
, 
th
e 
c
o
n
trib
u
tio
n
 
to
 
th
e 
s
c
a
tte
rin
g
 
stre
n
g
th
 is 
a
s
s
u
m
ed 
n
e
g
lig
ib
le, 
a
nd 
th
e 
n
e
x
t p
o
sitio
n
 is 
e
x
a
m
ined. 
A
t 
e
a
ch p
o
sitio
n
 
w
ith
in
 
th
e 
c
o
n
ical 
s
a
m
pling 
v
olum
e 
th
e p
ro
d
u
ct beam
 p
a
tte
rn
 is 
c
o
m
puted, 
a
s
s
u
m
ir.; id
e
n
tic
a
l 
tra
n
s
m
it 
a
nd 
r
e
c
eiv
e beam
s 
a
risin
g
 from
 
th
e 
s
a
m
e
 
id
eal 
c
irc
u
la
r p
isto
n
 
w
ith
 8-deg 
beam
w
idth 
a
t 
th
e 
-3-dB
 le
v
e
l. 
T
he fish
 
o
rie
n
ta
tio
n
 is d
escrib
ed
 by 
a 
p
a
ir 
o
f 
s
to
c
h
a
stic
 
v
a
riab
les, 
w
ith
 
tilt 
a
n
gle 
th
a
t is d
istrib
u
te
d
 
a
c
c
o
rd
in
g
 
to
 
a 
n
o
rm
al d
istrib
u
tio
n
 
w
ith
 p
red
efin
ed
 
m
e
a
n
 
a
nd 
sta
n
d
ard
 d
ev
iatio
n
, 
a
nd 
a
zim
uth 
th
a
t is 
u
niform
 
o
v
e
r
 360 deg. 
T
he 
e
ffe
c
tiv
e
 
tilt 
a
n
g
le, 
a
s
 
observed 
from
 
th
e 
tra
n
sd
u
cer, 
is 
c
o
m
puted in
 
th
e 
u
s
u
al 
w
ay (Foote 
1980). 
T
h
is 
in
 
tu
rn
 is
 
u
s
ed in
 
e
x
tra
c
tin
g
 
a 
v
alu
e 
o
f 
ta
rg
e
t 
stre
n
g
th
 from
 
tab
u
lated
 
r
eferen
ce d
ata, 
w
here 
th
e 
ta
rg
e
t 
s
tre
n
g
th
 fu
n
ctio
n
 c= 
tilt 
a
n
g
le h
as 
alread
y
 been 
s
elected
, 
a
c
c
o
rd
in
g
 
to
 
a 
u
niform
 d
istrib
u
tio
n
, 
fo
r 
th
e 
s
u
bject 
fish
. 
A
lthough 
th
e fish
 
is
 
a
s
s
u
m
ed 
to
 
re
m
ain fix
ed
 in
 p
o
sitio
n
 from
 p
in
g
 
to
 p
in
g
, 
it is 
allow
ed 
to
 
change 
its
 
o
rie
n
ta
tio
n
 
w
ith
in
 
th
e 
c
o
n
fin
es 
o
f 
th
e 
tw
o
 d
istrib
u
tio
n
s. 
T
he 
c
o
n
trib
u
tio
n
 
to
 
th
e 
m
e
a
n
 
v
olum
e back s
c
a
tte
rin
g
 
c
o
e
ffic
ie
n
t from
 
e
a
ch fish
 
in
 
e
a
ch
 p
o
sitio
n
 in
 
th
e beam
 is 
c
o
m
puted 
a
nd 
added 
to
 
th
e 
c
o
r
r
e
sp
o
n
d
in
g
 
m
a
trix
 
elem
ent. 
E
xpanded bottom
 
ch
an
n
el 
T
h
is 
lay
er, 
w
hich 
e
x
te
nds 
from
 
10 
m
 o
v
e
r
 
th
e 
bottom
 to
 5 
m
 
u
nder 
th
e 
s
a
m
e
, 
b
u
t 
w
ith O
.l-m
 
r
e
s
o
lu
tio
n
, 
is 
fille
d
 by 
th
o
se 
-
5 
-
bottom
 fish
 
e
choes ly
in
g
 
w
ith
in
 
10 
m
 
o
f 
th
e bottom
. 
T
he 
150 
v
alu
es 
o
c
c
upy 
ro
w
 
n
u
m
bers 501-650 
in
 
th
e 
s
v
-
m
a
trix
. 
T
he 
c
o
r
r
e
sp
o
n
d
in
g
 b
o
tto
m
-fish
 
back s
c
a
tte
rin
g
 
c
r
o
s
s
 
s
e
c
tio
n
 is 
a
s
s
u
m
ed, 
how
ever, 
to
 be 
m
odulated by 
th
is 
ad hoc 
fu
n
ctio
n
: 
{ 
T
I(j-jpeak) 
}1/4 
j-jpeak 
c
o
s
 [ 
l~ 
] 
r
e
c
t ( 
15 
) 
w
here j 
is 
th
e 
ro
w
 
n
u
m
ber 
w
ith
in
 
th
e 
r
a
n
g
e 
[493,657], 
a
nd jpeak is 
th
e 
ro
w
 
n
u
m
ber 
c
o
r
r
e
sp
o
n
d
in
g
 
to
 
th
e determ
ined fish
 
r
a
n
g
e. 
T
he bottom
 its
e
lf 
is 
r
ep
resen
ted
 by 
adding 5/12 
to
 
e
a
ch 
m
a
trix
 
elem
en
t from
 
ro
w
 600 
to
 
ro
w
 
620 
in
clu
siv
e. 
P
elag
ic !is
h
 la
y
e
r lim
its 
L
ike 
th
e bottom
 d
ep
th
, 
th
e 
upper 
a
nd low
er 
d
ep
th
s 
o
f 
n
e
w
 p
elag
ic 
fish
 
e
n
te
rin
g
 
th
e beam
 
a
t 
a 
p
red
efin
ed
 
m
a
xim
um
 
d
etectio
n
 
a
n
gle 
a
r
e
 
e
a
ch determ
ined by 
a 
p
a
ir 
o
f 
independent G
aussian 
d
istrib
u
tio
n
s. 
T
he 
upper lim
it is d
efin
ed
 
a
n
alo
g
o
u
sly
 
to
 
th
a
t 
o
f 
th
e 
bottom
 depth, 
b
u
t 
w
ith
 independent d
L
strib
u
tio
n
 p
aram
eters 
a
nd 
th
e 
im
posed 
c
o
n
d
itio
n
s 
th
a
t 
th
e 
upper lim
it be 
c
o
n
fin
ed
 
to
 
th
e 
z
o
n
e
 betw
een 
th
e 
s
u
rface 
a
nd 
upper b
o
tto
m
-fish
 lay
er d
ep
th
. 
T
h
is 
is done by h
ard
-lim
itin
g
 fo
r 
c
o
m
puted 
e
x
c
u
r
sio
n
s 
e
x
c
e
eding 
th
e bounds. 
T
he 
low
er depth 
o
f 
n
e
w
 p
elag
ic 
fish
 
e
n
te
rin
g
 
th
e beam
 is d
efin
ed
 
sim
ila
rly
 
to
 
th
a
t 
o
f 
th
e 
upper p
elag
ic 
fish
 
lay
er depth, 
b
u
t 
w
ith
 
th
e 
c
o
n
d
itio
n
 
th
a
t 
th
is 
low
er depth lie
 betw
een 
th
e 
c
o
r
r
e
sp
o
nding 
u
p
p
er depth 
a
nd bottom
, 
ag
ain
 
e
n
fo
rced
 by h
ard
-lim
itin
g
. 
P
elag
ic fish
 la
y
e
r 
T
his is
 fille
d
 
a
n
alo
g
o
u
sly
 
to
 
th
a
t 
o
f 
th
e bottom
 
fish
 
lay
er, 
e
x
c
ep
t 
th
a
t 
a 
n
o
rm
al d
istrib
u
tio
n
 is 
u
s
ed 
to
 determ
ine 
th
e 
n
u
m
ber 
o
f fish
 
in
 
th
e 
lay
er. 
P
o
ssib
le 
n
eg
ativ
e 
v
alu
es 
a
r
e
 
u
s
ed by 
tak
in
g
 
th
e 
m
agnitude 
o
r
 
ab
so
lu
te 
v
alu
e. 
M
u
ltip
le p
elag
ic fis~ lay
ers 
E
ach p
elag
ic fish
 lay
er is d
efin
ed
 
a
nd 
fille
d
 independently 
o
f 
o
th
er p
elag
ic 
fish
 la
y
e
rs. 
M
ean 
v
olum
e back s
c
a
tte
rin
g
 
s
tre
n
g
th
 
T
he 
lo
g
arith
m
ic 
m
e
a
s
u
re
 
is 
p
referred
 
to
 
th
e 
c
o
m
puted 
c
o
e
ffic
ie
n
t. 
T
h
is is 
m
o
re
o
v
e
r d
esired
 in
 
a 
base-tw
o 
sy
stem
, 
w
ith
 
r
e
s
o
lu
tio
n
 
o
f 
3 dB
/256. 
In
teg
er 
e
x
p
ressio
n
 is 
also
 
d
esired
, 
hence 
th
e fo
llo
w
in
g
 
c
o
n
v
e
r
sio
n
 is p
erform
ed: 
w
here 
th
e b
rack
ets h
ere 
in
d
icate 
tak
in
g
 
th
e 
in
teg
er p
a
rt. 
P
aram
eter 
v
alu
es 
S
ev
eral 
v
alu
es 
o
f 
m
odel p
aram
eters have 
alread
y
 been 
m
e
n
tioned. 
T
hese 
a
r
e
 
th
e b
asic depth 
r
a
nge [0,500] 
m
, 
w
ith
 
v
e
rtic
a
l 
r
e
s
o
lu
tio
n
 
1 
m
; 
e
xpanded 
bottom
 
channel 
observed from
 
10 
m
 o
v
e
r
 
to
 5 
m
 
u
nder 
th
e d
etected
 bottom
, 
w
ith
 O
.l-m
 
r
e
s
o
lu
tio
n
; 
r
e
g
istra
tio
n
 
o
f 
th
e bottom
 by 
th
e 
s
v
-
v
alu
e 5/12; 
d
istan
ce 
s
a
ile
d
 
a
t 10-knots 
sp
eed betw
een 
s
u
c
c
e
s
siv
e p
in
g
s 
a
t l/s
 p
u
lse 
r
e
p
e
titio
n
 
r
a
te
, 
n
a
m
ely 5.1 
m
; 
a
nd 
tra
n
sd
u
cer beam
w
idth 
o
f 8 
deg, 
m
e
a
s
u
red (4 ) 
-
6 
-
a
c
r
o
s
s
 
th
e 
tra
n
s
m
it 
o
r
 
r
e
c
eiv
e beam
 
a
t 
-3-dB
 le
v
e
l. 
Som
e 
ad
d
itio
n
al 
v
alu
es 
o
f 
m
odel p
aram
eters 
a
s
s
u
m
ed in
 
a 
c
o
m
puter 
sim
u
latio
n
 program
 
a
r
e
 
th
e fo
llo
w
in
g
. 
T
he 
th
resh
o
ld
 
a
m
p
litude is
 10- 17
. 2 
a
nd 
th
e 
n
o
ise 
a
m
p
litude Sv 
is 
10- 10 
T
he 
m
a
xim
um
 d
etectio
n
 
a
n
g
le 
is 
a
s
s
u
m
ed 
to
 be 40 deg, 
a
s
 
m
e
a
s
u£ed from
 
th
e beam
 
a
x
is. 
F
or 
th
e 
m
e
n
tioned 
tra
n
sd
u
cer 
beam
w
idth, 
th
e 
eq
u
iv
alen
t beam
 
a
n
g
le 
is 0.0108 
s
r
. 
T
ilt 
a
n
g
les 
o
f fish
 
a
r
e
 
a
s
s
u
m
ed 
to
 
fo
llo
w
 
th
e 
n
o
rm
al d
istrib
u
tio
n
 N
(0,5) 
deg, 
fo
r 
w
hich 
o
b
serv
atio
n
al 
e
v
idence 
is 
o
ffered
 by F
o
o
te 
a
nd O
na (1987). 
R
eference 
ta
rg
e
t 
s
tre
n
g
th
 d
ata 
a
r
e
 
th
e 
fu
n
ctio
n
s 
o
f 
tilt 
a
n
g
le 
m
e
a
s
u
red by N
akken 
a
nd O
lsen (1977) 
a
nd 
tab
u
lated
 by F
o
o
te 
a
nd N
akken 
(1978). 
R
andom
 
n
u
m
bers 
A
 
n
u
m
ber 
o
f d
iffe
re
n
t 
ra
ndom
 
v
a
ria
te
s 
a
r
e
 
u
s
ed in
 
th
e 
sim
u
latio
n
. 
E
ach 
o
f 
th
ese depends 
o
n
 
th
e 
u
niform
 
ra
ndom
 
v
a
ria
te
 d
efin
ed
 
o
v
e
r
 (0,1). 
T
his 
is 
g
en
erated
 by 
a 
v
a
ria
n
t 
o
f 
th
e 
fo
llo
w
in
g
 p
u
rely
 
m
u
ltip
lic
a
tiv
e
 
v
e
r
sio
n
 
o
f 
th
e 
lin
e
a
r 
c
o
n
g
ru
en
tial 
m
ethod: 
R
 n
+
l 
aR
 
(mod 
m) 
n
 
.
 
16 
31 
w
here 
th
e 
ch
o
lces 
a
=2 
+3 
a
nd R
 
=2 
-3
 have been based 
o
n
 M
oshm
an 
(1967). 
T
he 
m
odulus 
m
 is
 
2 32
,
 
a
s
 
th
e 
sig
u
la
tio
n
 
m
odel 
w
a
s 
r
e
alized
 
o
n
 N
orsk D
ata 
5
0
0
-series d
ig
ita
l 
c
o
m
puters, 
w
ith
 3
2
-b
it 
w
o
rd 
siz
e
. 
T
he hom
em
ade p
a
rt 
o
f 
th
e 
alg
o
rith
m
 
w
a
s
 designed 
to
 
a
v
o
id
 
n
eg
ativ
e 
n
u
m
bers. 
T
he 
o
th
er d
istrib
u
tio
n
s 
w
e
re
 d
efin
ed
 in
 
te
rm
s 
o
f 
th
e 
u
niform
 
v
a
ria
te
. 
T
he 
n
o
rm
al d
istrib
u
tio
n
 N
(O
,l) 
is 
c
o
m
puted by 
su
m
m
ing 
12 
u
n
ifo
rm
 
v
a
ria
te
s, 
a
nd 
s
u
b
tractin
g
 
six
 
(Zelen 
a
nd S
evero 
1965). 
T
he p
arab
o
lic 
o
r
 q
u
ad
ratic 
ra
ndom
 
v
a
ria
te
 is d
eriv
ed
 d
ire
c
tly
 from
 
th
e 
u
niform
 
v
a
ria
te
 by 
sim
p
le 
tra
n
sfo
rm
atio
n
 
(W
ilks 
1962). 
T
he 
P
o
isso
n
 
v
a
ria
te
 
is d
eriv
ed
 by 
ap
p
o
rtio
n
in
g
 
th
e 
u
niform
 
v
a
ria
te
 
a
c
c
o
rd
in
g
 
to
 
th
e 
c
u
m
u
lativ
e d
istrib
u
tio
n
 fu
n
ctio
n
 
o
f 
th
e 
P
oisson 
d
istrib
u
tio
n
. 
RESU
LTS 
Tw
o 
sim
u
lated
 
e
chogram
s, 
in
 h
arsh
 b
lack
 
a
nd 
w
h
ite, 
a
r
e
 p
resen
ted
 h
ere. 
T
he 
lo
g
 
m
a
rkings 
a
t 
th
e 
to
p
 
o
f 
th
e 
e
chogram
, 
beginning 
w
ith
 
'5
3
0
.2
', 
a
r
e
 
sp
u
rio
u
s, 
a
s
 
th
e fiv
e 
v
e
rtic
a
l d
iv
isio
n
s 
c
o
v
e
r
 
alm
ost 
e
x
a
c
tly
 5 
km
, 
n
o
t 
th
e 
im
p
lied
 5 
n
a
u
tic
a
l 
m
iles. 
O
ther 
n
u
m
bers 
show
n 
o
n
 
th
e 
e
chogram
, 
in
clu
d
in
g
 
ap
p
aren
t 
tw
o
-c
o
lo
u
r 
spectrum
 to
 
th
e 
rig
h
t, 
a
r
e
 
e
x
p
lain
ed
 by K
nudsen (1989b). 
T
he bottom
 depth 
c
o
n
to
u
r is 
th
e 
s
a
m
e
 
in
 b
o
th
 
e
chogram
s. 
I
t is 
ch
aracterized
 by h
o
rizo
n
tal 
a
nd 
v
e
rtic
a
l 
s
c
ale 
sizes 
w
hich fo
llo
w
 
th
e 
r
e
sp
ectiv
e d
istrib
u
tio
n
s N
(100,25) 
p
in
g
s 
a
nd N
(0,25) 
m
, 
w
here 
th
e 
m
e
a
n
 
d
ep
th
 is 425 
m
. 
In
 F
ig
. 
1
, 
tw
o
 fish
 lay
ers 
a
r
e
 
show
n. 
B
oth 
ap
p
ly
 
to
 
c
od 
(Gadus 
m
o
rhual 
a
t 38 kH
z, 
w
hose d
ata base 
c
o
n
sists 
o
f 68 
fu
n
ctio
n
s 
spanning 
th
e 
len
g
th
 
r
a
n
g
e 6.7-96 
c
m
. 
T
he 
m
e
a
n
 d
en
sity
 
o
f fish
 in
 th
e 
15-m
-thick bottom
 
lay
er is 
o
n
e
 
n
e
w
 fish
 p
er p
in
g
. 
T
he d
en
sity
 
o
f fish
 in
 th
e p
elag
ic 
lay
er is 
101 30 66 82 37 
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Fig. 1. Simulated echogram with bottom and single pelagic fish layers filled with cod echoes. 
-...J 
-79 
-82 
-85 
-88 
-91 
-
8 
-
d
escrib
ed
 by 
th
e 
n
o
rm
al d
istrib
u
tio
n
 N
(30,6), 
w
hich 
r
ep
resen
ts 
th
e 
n
u
m
ber 
o
f 
n
e
w
 fish
 
e
n
te
rin
g
 
th
e beam
. 
T
he geom
etric p
aram
eters 
o
f 
th
e p
elag
ic fish
 
lay
er 
a
r
e
 
show
n 
in
 T
able 1
. 
T
able 
1. 
P
aram
eters 
ch
aracterizin
g
 
th
e b
o
u
n
d
aries 
o
f 
th
e 
p
elag
ic 
fish
 
la
y
e
r 
show
n in
 F
ig
. 
1. 
x
-
a
nd 
z
-
s
c
a
le
 
u
n
its 
a
r
e
 p
in
g
s 
a
nd 
m
e
te
rs, 
r
e
sp
ectiv
ely
. 
z
-
s
c
ale 
L
ayer 
x
-
s
c
ale 
In
itia
l 
lim
it 
M
ean 
S
.D
. 
v
alu
e 
!~ean 
S
.D
. 
U
pper 
50 
15 
80 
0 
20 
L
ow
er 
75 
25 
225 
0 
35 
F
our fish
 lay
ers 
a
r
e
 
show
n 
in
 F
ig
. 
2. 
T
he 
s
o
u
r
c
e
 
ta
rg
e
t 
stre
n
g
th
s 
a
r
e
 
th
e 
17: fu
n
ctio
n
s 
r
ep
resen
tin
g
 68 
c
od, 
59 
s
aith
e (PollaC
hius 
v
ire
n
s), 
a
nd 
44 p
o
llack
 
(Pollachius p
o
lla
c
h
iu
s). 
T
he d
en
sity
 
o
f fish
 
in
 
th
e 
15-m
-thick 
bottom
 lay
er is 
o
n
e
 
n
e
w
 fish
 p
er p
in
g
. 
T
he d
en
sities 
a
nd g
eo
m
etric 
parame~ers 
governing 
th
e 
th
ree p
elag
ic 
fish
 lay
ers 
a
r
e
 
show
n 
in
 T
able 
2. 
T
able 
2. 
P
aram
eters 
c
h
a
ra
c
te
riz
in
g
 d
istrib
u
tio
n
s 
o
f d
en
sity
 
a
nd boundaries 
o
f 
th
ree 
sim
u
lated
 p
elag
ic 
fish
 
lay
ers in
 F
ig
. 
2. 
x
-
a
nd 
z
-
s
c
ale 
u
n
its 
a
r
e
 
p
in
g
s ~,d 
m
e
te
rs, 
r
e
sp
e
c
tiv
e
ly
. 
P
elag
ic 
z
-
s
c
ale 
fish
 
D
en
sity 
L
ay
er 
x
-
s
c
ale 
In
itia
l 
lay
er 
M
ean 
S
.D
. 
lim
it 
M
ean 
S.D
. 
v
alu
e 
t~ean 
S.D
. 
1 
40 
8 
U
pper 
50 
15 
80 
0 
L
ow
er 
75 
25 
345 
0 
2 
15 
3 
U
pper 
50 
20 
140 
0 
L
ow
er 
75 
25 
170 
0 
3 
25 
10 
U
pper 
50 
20 
290 
0 
L
ow
er 
75 
25 
360 
0 
D
ISCU
SSIO
N
 
The 
tw
o
 fig
u
res 
a
r
e
 
n
o
t 
th
e 
m
o
st 
a
e
s
th
e
tic
a
lly
 p
leasin
g
. 
T
hey 
also
 
s
u
ffe
r from
 
lack
 
o
f dynam
ic 
r
a
n
g
e. 
T
his is in
ev
itab
le 
w
ith
 
th
e 
u
s
e
 
o
f 
a 
"tw
o
-c
o
lo
u
r p
rin
te
r". 
T
he 
r
e
s
o
lu
tio
n
 is
, 
how
ever, 
e
x
c
e
lle
n
t. 
M
any 
sin
g
le
-fish
 
tra
c
e
s
 
c
a
n
 be d
iscern
ed
 
o
r
 im
agined. 
20 
35 5 
10 
20 
10 
U
se 
o
f 
a 
500-m
 
v
e
rtic
a
l 
r
a
n
g
e 
m
e
a
n
s
 
th
a
t 
th
e 
r
e
s
o
lu
tio
n
, 
1 
m
, 
hence 
o
n
e
 p
ix
el, 
is 
r
a
th
e
r 
c
o
a
r
s
e
 
w
ith
 
r
e
sp
ect 
to
 
e
ch
o
-trace 
id
e
n
tific
a
tio
n
, 
alth
o
u
g
h
 
s
till 
s
u
ffic
ie
n
t fo
r 
th
is. 
U
se 
o
f 
a 
250-m
 
v
e
rtic
a
l 
s
c
ale 
w
o
uld 
double 
th
e h
eig
h
t 
o
r
 
a
m
p
litu
d
e 
o
f 
th
e 
c
h
a
ra
c
te
ristic
 in
v
erted
-V
's. 
T
he 
e
ffe
c
t 
o
f fin
e
r 
r
e
s
o
lu
tio
n
 
o
n
 
appearance 
is 
s
u
g
g
ested by 
th
e 
e
cho 
tra
c
e
s
 
in
 
th
e 
e
xpanded bottom
 
ch
an
n
el, 
w
here 
th
e 
r
e
s
o
lu
tio
n
 is 
th
e 
m
a
xim
al 0.1 
m
 
ap
p
licab
le 
a
t 38 kH
z. 
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Fig. 2. Simulated echogram with bottom and three pelagic fish layers filled with gadoid echoes. 
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T
he 
a
e
s
tn
e
tic
s 
o
r
 
appearance 
o
f 
th
e 
e
chogram
s 
c
a
n
 
also
 be 
im
proved by 
m
aking 
them
 
m
e
re
 
r
e
a
listic
. 
N
o
tw
ith
stan
d
in
g
 
th
e 
s
u
b
sta
n
tia
l lo
sses 
in
cu
rred
 by 
u
sin
g
 
t~e p
a
rtic
u
la
r p
rin
tin
g
 
m
edium
, 
so
m
e
 
featu
res 
c
o
u
ld
 be 
im
proved. 
T
hese 
in
clu
d
e 
th
e 
upper 
a
nd low
er 
edges 
o
f 
th
e 
s
e
v
e
r
al bottom
 
a
nd p
elag
ic f~sh 
lay
ers. 
In
 p
ra
c
tic
e
, 
th
ese 
a
r
e
 
m
o
re
 d
iffu
se. 
T
he d
en
sity
 
a
nd d
en
sity
 d~stribution 
c
o
u
ld 
also
 be 
changed 
to
 
advantage. 
A
 p
a
rtic
u
la
r 
w
ay 
w
o
uld be ~c 
le
t th
e d
istrib
u
tio
n
 p
aram
eters 
v
a
ry
 
w
ith
 d
istan
ce, 
w
hich 
in
 fa
c
t descr~es 
a 
p
rin
cip
al 
c
h
a
ra
c
te
ristic
 
o
f 
c
o
n
tag
io
u
s d
istrib
u
tio
n
s. 
T
hese 
a
r
e
 
u
ndcubtedly 
m
o
re
 
in
te
re
stin
g
 
th
an
 
th
e 
s
ta
tio
n
a
ry
, 
p
u
rely
 
s
to
c
h
a
stic
 Po~sson 
a
nd G
aussian d
istrib
u
tio
n
s 
u
s
ed in
 
th
e p
resen
t 
m
odel 
c
o
m
p
u
tatio
n
s. 
N
oise, 
w~ich 
is 
n
o
t 
n
o
ticed
 in
 
th
e 
tw
o
 
sim
u
lated
 
e
chogram
s because 
o
f 
th
e 
lim
ite
i dynam
ic 
r
a
nge 
o
f th~ 
p
rin
te
r, 
c
o
u
ld
 be 
sim
u
lated
 in
 
m
o
re
 
s
o
p
h
isticated
 
=
a
shicn 
th
an
 is done 
in
 
th
is 
m
odel. 
S
ev
eral 
a
lte
rn
a
tiv
e
 
n
o
ise 
m
odels 
a
r
e
 d
escrib
ed
 by L
ib
ick
i 
e
t 
a
l. 
(1989). 
T
he mode~ 
d
id
 
a
ch
iev
e 
its
 p
rim
ary 
aim
 
o
f p
ro
v
id
in
g
 
tim
ely
 
e
ch
o
-lik
e 
d
ata fo
r 
u
s
e
 
~n 
te
s
tin
g
 
th
e p
ro
to
ty
p
e 
o
f 
th
e 
B
ergen E
cho 
In
te
g
ra
to
r. 
T
he 
m
odel 
m
ay haV
E 
ad
d
itio
n
al, 
fu
tu
re 
a
p
p
licatio
n
s 
in
 
te
s
tin
g
 
th
e 
in
te
g
ra
to
r, 
fo
r 
e
x
a
m
ple, 
~n 
ad
ap
tin
g
 
o
r
 developing 
a
u
to
m
a
tic 
alg
o
rith
m
s 
o
r
 fu
n
ctio
n
s 
to
 
e
x
tra
c
t 
sin
g
le
-fish
 ta
rg
e
t 
s
tre
n
g
th
s, 
p
erfo
rm
 
e
ch
o
-trace 
a
n
aly
sis, 
a
nd 
c
la
ssify
 
e
choqram
 featu
res, 
a
s
 by d
iscrim
in
an
t 
a
n
a
ly
sis. 
S
ince 
th
e 
m
odel 
sim
u
lates 
s
to
ch
astic p
ro
cesses, 
b
u
t 
r
e
a
liz
e
s 
th
ese 
in
 
s
o
ftw
are, 
th
e ~odel 
is d
eterm
in
istic 
fo
r 
e
a
ch 
s
e
t 
o
f in
itia
l 
o
r
 
s
ta
rtin
g
 
p
aram
eter val~es. 
The 
n
u
m
ber 
o
f 
th
ese 
is 
s
o
 
larg
e 
th
a
t 
th
e 
r
a
nge 
o
f 
p
o
te
n
tia
l ech~grams 
is 
e
s
s
e
n
tia
lly
 
u
n
lim
ited
. 
T
hus 
a 
v
a
rie
ty
 
o
f 
e
chogram
 
ty
p
es 
c
a
n
 be g
en
erated
. 
S
tudy 
o
f 
th
ese, 
w
h
ile know
ing 
th
e p
aram
eter 
v
alu
es, 
m
ay 
c
o
n
trib
u
te fundam
entally 
to
 
u
n
d
erstan
d
in
g
 
th
e 
c
o
n
n
e
c
tio
n
 betw
een 
th
e 
ap
p
earan
ce 
o
f 
a
n
 
e
c
n
ogram
 
a
nd 
th
e 
u
n
d
erly
in
g
 p
h
y
sical 
r
e
a
lity
 
o
f 
a 
three-dimensi~nal 
fish
 d
istrib
u
tio
n
. 
B
y 
a
tte
m
p
tin
g
 
to
 
m
atch 
a
r
tific
ia
l 
e
cho gram
s 
to
 
=
ield
-d
eriv
ed
 
e
x
a
m
ples, 
m
u
ch 
m
ight be learn
ed
 
about 
th
e 
ag
g
reg
atio
n
 frc
p
e
rtie
s 
o
f fish
. 
D
iscrim
in
atio
n
 
o
f bottom
 
a
nd fish
 
m
ight 
be 
ad
d
ressed
 ~n 
th
e 
sa
m
e
 
w
ay. 
T
hese 
a
r
e
, 
in
 
a
ny 
c
a
s
e
, 
so
m
e
 hopes. 
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